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Abstract 
Beach erosions have been faced as coastal problem and efforts to address the solution have been sought by the coastal 
researchers. One of the coastal protection structures that are commonly used are the system of groins. Various types of groins 
have been investigated and observed either in the Laboratory or directly in the field namely type of the forming material, length 
of the groins, the distance between the groins, and the width of the groin. However, groins with a zigzag shape are rarely 
investigated and studied. Hence, this paper reports on changes in beach profile due to the construction of single zigzag type of 
porous groins named GROPOZAG. The small scale of 1:20 physical model tests have been carried out at the Laboratory of River 
and Coastal Engineering in Engineering Faculty of Syiah Kuala University. Regular wave were generated in wave basin with 15 
m long, 5 m wide, and 0.6 m deep. The influence of single groin length (Lg), and groins orientation perpendicular to the shoreline 
(θ) of 45°, 63°, and 90° under various wave steepness (H/L) of 0.0409, 0.0235 and 0.0200 with the beach profile of 1:20 slope are 
elaborated in this paper. Erosion or sedimentation is expressed in terms of sediment total volumes. It is found that groin with 90° 
orientation is more erosive than that of 45°. Straight porous groins erode more sediments than that of zigzag type porous groins. 
Zigzag porous groin is better in reducing erosion at the front head of the groin. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5). 
Keywords: zigzag type porous groin; GROPOZAG; beach profile; regular waves; sediment 
 
 
* Corresponding author. Tel.: +62-853-600-62620;  
E-mail address: eldina@tdmrc.org 
 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc- d/4.0/).
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5)
258   Eldina Fatimah et al. /  Procedia Engineering  125 ( 2015 )  257 – 262 
1. Introduction 
Groins are the oldest and most common shore-connected, beach stabilization structure. Groins are constructed to 
maintain a minimum, dry beach width for storm damage reduction or to control the amount of sand moving 
alongshore [1]. The design of a groin is the determination of its shape, wave angle and wave height, length, spacing, 
and depth at groin tip, elevation across profile, groin permeability, and run up elevation. Common plan form shapes 
of groins recognized are Tuned T-shape, T-shaped, straight, inclined, L-shaped, Dogied, and Y-shaped or fish tail. 
The materials used are stone, concrete, timber, and steel. Asphalt and sand filled nylon bags have also been used to a 
limited extent [1].  
The hydraulic optimization of groin systems (structural questions, although influenced by the hydraulic behavior, 
belong to the stability of maritime structures) is extremely important [2]. Nevertheless, no guidance on groin 
functional design is available other that rule of thumb [3]. Moreover, the authors mentioned that groins may not 
function well if undesirable up drift buildup and offshore transport of sediment may be promoted if groins extend too 
far offshore in relation to the wave average breaker line or if they are not sufficiently permeable, potentially causing 
sand to be jetted seaward. 
In this paper, groins as one of the coastal protection structure were investigated. The aim of this paper is to 
elaborate the pattern of shoreline change on the up and down drift side of the innovative-design zigzag shape 
permeable groins through the laboratory experiments in the wave basin. Uniqueness of this groin is the shape of the 
structures that formed zigzag feature, and the permeability of the structure. Porosity of the groins is 47% which still 
allow movement and transportation of sediment alongshore. The influences of various groin parameters on the 
sedimentation of the area around the single zigzag porous and straight porous groins were investigated. Bed contour 
for respective groins were plotted using ordinary surface plotting tool. The influence of groin orientations of 45o, 
63o, and 90o were determined under various wave steepness conditions of 0.0409, 0.0235 and 0.0200 respectively. 
 
Nomenclature 
 Lg groin length θ  groin angle to shore line 
 H wave height T wave period 
 L wave length  Xb  breaking wave distance from the shoreline 
 Lzg  groin length for the zigzag shape groin  Lsg  groin length for the straight shape groin 
2. Experimental Setup 
A wave basin of 15 m long, 5 m wide, and 0.65 m deep located at the Hydraulic Laboratory of Civil Engineering 
Faculty of Syiah Kuala University has been used to perform the experiment. The model basin (Fig.1) has a wave 
generator system, a speed control system, and a wave height measurement. Regular wave height and wave period 
were controlled by a screwed handle and by a speed control. Thorough these experiments, incoming waves were set 
perpendicular to the shoreline. Wave heights were measured manually by using standard scale that attached close to 
the right side wave basin. An undistorted model scale of 1:20 was selected in this study to fit the requirement of 
wave basin and wave generator capability. Model bed slope (m) was set 1/20 and the sediment material was fine 
sand (d50=0.53 mm) which it can still considered easy to be stirred up and transported by the incoming waves. Water 
depth was kept constant (d=0.30 m) and fresh water was used instead of salt water. 
In this experiment, the groins are made from a wooden box with a size of 10 cm × 10 cm × 10 cm and five sides 
of them haves 9 holes with 1.0 cm diameter each as shown in Fig. 2. Groin systems were immersed on the beach bed 
at the depth of 4.0 cm and to keep them stable two pieces long steel rod of 8 mm diameter were attached along the 
bottom part of the groin. Hence when the models were tested they are not washed away by the waves. The groins 
were placed parallel to the direction of the sea bed. 
Porosity is determined as a ratio of the volume of voids to total volume of the mass. Porous groin of 47% was 
used in the study. Porous groins means, they have openings through which littoral drift may pass. Through 
numerical investigation conducted by Mulcahy, if the permeability of the groin is 50%, it has greatest influence on 
the longshore current velocity [4].  
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Fig. 1. Wave basin and the beach set-up 
 
Fig. 2. Description of model groin 
Table 1. Experimental Design 
H 
 
T 
 
Groin length code (cm) 
θ 
(º) Groin Length (Lg) (cm) Breaking waves (Xb) (cm) Test Data No of simulation 
H1 T1 
Without groin (Tg) - - 
220 H1, T1 
3 H2 T2 170 H2, T2 
H3 T3 100 H3, T3 
H1 T1 Lzg1 
θ1 212 
220 
H1,T1,L1, θ1 
3 θ2 156 H1,T1,L1, θ2 
θ3 184 H1,T1,L1, θ3 
H2 T2 Lzg2 
θ1 184 
170 
H2,T2, L3, θ1 
3 θ2 141 H2,T2, L3, θ2 
θ3 127 H2,T2, L3, θ3 
  
Lzg3 
θ1 113 
100 
H3,T3, L3, θ1 
3 H3 T3 θ2 100 H3,T3, L3, θ2 
  θ3 85 H3,T3, L3, θ3 
H1 T1 Lsg1 
θ1 220 
220 
H1,T1,L1, θ1 
3 θ2 170 H1,T1,L1, θ2 
θ3 160 H1,T1,L1, θ3 
H2 T2 Lsg2 
θ1 160 
170 
H2,T2, L3, θ1 
3 θ2 130 H2,T2, L3, θ2 
θ3 120 H2,T2, L3, θ3 
H3 T3 Lsg3 
θ1 90 
100 
H3,T3, L3, θ1 
3 θ2 80 H3,T3, L3, θ2 
θ3 70 H3,T3, L3, θ3 
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The model area was gridded with 20.0 cm × 20.0 cm sizes. Collected data zone or protected zone ranges was 
taken with the size of 500 cm × 220 cm. Measurement zone varies dependent with the groin length. Each grid was 
measured using automatic point gage. Bed elevation at each grid points, in the measurement zone, before and after 
an experiment was determined by using popular surface calculation tool. Time taken to run the test was t=30 mins 
considered sufficient where at this end of the time the shoreline reached almost an equilibrium. Tidal current 
influences were disregarded and the rate of supply of material was not taken into account. 
Parameters considered in this study can be seen in Table 1. Values of T were varied of 1.17 s, 1.49 s, and 1.64 s 
and wave heights of 9.0 cm, 4.0 cm, and 2.0 cm were used during the model test. Experiments without structures 
were also conducted in order to be used as reference for the total volume calculation.  
3. Experimental Results 
Typical photographs of the experimental study for the single zigzag groins orientation of 45o, 63o, and 90o were 
shown in Fig. 3. While illustration for the straight single groins were given in Fig. 4. The groins were immersed to 
the bottom of the bed by following the beach slope = 1/20 as deep as 4.0 cm. When waves obstructed the groins, the 
turbulence phenomenon can be observed clearly. Sediments were stirred up and down around the zigzag porous 
groins and transported seaward as the current flows downward.  
Fig. 5 illustrates the contour pattern in the beach due to single zigzag groin. It clearly can be seen that, the 
contour line for the zigzag shape groin distributed along the structures from the up drift to the down drift of the 
groin forming the steadily changing pattern line. While for the case of straight groin, the contour pattern line tends 
to concentrate at the upper drift of the groin resulting abrupt change of the beach form. Hence, here one can interpret 
that, due to the zigzag shape of the groins, the down drift current was retarded by these zigzag configuration. The 
travel time of the current was slowed down by the groin and this condition could not be found in the straight groin. 
 
   
Fig. 3. Photographs of single zigzag groins of 45o, 63o, and 90o (from left to the right respectively) 
 
   
Fig. 4. Photographs of single straight groins of 45o, 63o, and 90o (from left to the right respectively)  
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Fig. 5. Contour patterns of single zigzag and straight groins (T) = 90o 
Hence, here one can interpret that, due to the zigzag shape of the groins, the down drift current was retarded by 
these zigzag configuration. The travel time of the current was slowed down by the groin and this condition could not 
be found in the straight groin. 
Moreover, in the case of single straight groin, having 90o orientation toward the shoreline, extensive erosion was 
pointed out at the immediate upstream part of the groin. Fortunately, this phenomenon does not happen in the single 
zigzag shape groin. Therefore, the zigzag pattern reduces the erosion problem on the upstream part of the groin, 
which could theoretically be a common problem when using groins as the coastal protections. Similar condition is 
also found when the structure was positioned with the angle of 45o as shown in Fig.6. Again, the upstream part of 
the straight groin shows erosion, which later on results in flanking the structures. 
In the case of orientation of the groin toward the shoreline, it shows that zigzag shape groin placed at the angle of 
45o can reduce erosion much better than that of 63o and 90o for wave steepness (H/L)=0.0409 as the Lzg positioned 
after the wave breaking. However, for the single straight groin, it does not show the similar condition. The groin 
shows good performance in term of reducing erosion, when its orientation toward the shoreline is 90° as given in 
Fig. 7. 
It is clearly seen from Fig. 8 that single zigzag groin is better in reducing beach erosion compared to that of 
single straight groin for the H/L = 0.0409 and 0.0235. However, as the wave steepness (H/L) is 0.02, in which H=9.0 
cm, the capability of zigzag shape groin in reducing the erosion is not so significant. 
 
 
Fig. 6. Contour patterns of single zigzag and straight groins at (θ) = 45o 
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Fig. 7. The influence of groin orientation (θ) against total volume of sediment 
 
Fig. 8. Comparison of the sediment total volume between single zigzag and straight groins 
4. Conclusion 
The following summaries have been pointed out from the results of this investigation. 
a. Groin with 90o orientation is more erosive than that of 45o.  
b. Straight porous groins erode more sediments than that of zigzag type porous groins.  
c. Zigzag porous groin is better in reducing erosion at the front head of the groin. 
d. At the wave steepness (H/L) of 0.0409, single zigzag porous groin reduces erosion more effective than that 
of 0.0235 and 0.0200. 
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